The essential properties of graphite-based 3D systems are thoroughly investigated by the first-principles method. Such materials cover a simple hexagonal graphite, a Bernal graphite, and the stage-1 to stage-4 Li/Li + graphite intercalation compounds.
ion diffusions on the graphene layers, 5, 6 in which their results cover the optimal height and site of guest atoms, the absorption energy, and energy barrier along the specific transport path. Moreover, the tight-bind model and the superlattice model are frequently utilized to study the fundamental properties for pristine graphites and the atom/molecule-intercalated graphite compounds, e.g., optical absorption spectra The intercalation-induced high conduction-electron densities are also observed in the optical
[Refs] and transport measurements [Refs] . The rich and unique phenomena in alkali-atom graphite intercalation compounds are expected to have the significant differences under a systematic comparison with those in alkali-ion cases.
The theoretical model
A typical condensed-matter system is made of a periodic crystal potential, where each atom would contribute several valence electrons around an ionic core. Obviously, each one exhibits the complex composite effects mainly arising the electron-electron Coulomb interactions and the electron-ion crystal potential, especially for the many-body effects. This becomes a high barrier in solving the many-particle Schrodinger equation. The difficulties of numerical calculations are greatly enhanced when the various chemical environments need to be taken into consideration,. e.g., the very weak van der Waals interactions between two neighboring graphitic layers and the chemisorptions on graphite surface [Refs] . Some approximate methods have been proposed to achieve the reliable geometric structures and electronic
properties. Up to date, the first-principles calculations are frequently utilized to obtain the quantum states of periodic systems. Such numerical calculations are very efficient for fully exploring the fundamental physical properties. Specifically, Vienna ab initio simulation package (VASP) 7 evaluates an approximate solution within the density functional theory by solving the so-called Kohn-Sham equations. 8 The charge distribution can determine all the intrinsic interactions in a condensed-matter systems; that is, the carrier density is responsible for the ground state energy and the essential properties. The spatial charge density could be but not the first-principles method, is suitable for studying the essential properties under the external fields, e.g., the quantized Landau levels in a uniform magnetic field [Refs] In this Chapter, the optimal geometric structures and electronic properties and magnetic configurations are thoroughly studied for 3D graphite-related systems by utilizing VASP.
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Such systems cover monolayer graphene, Bernal graphite, simple hexagonal graphite, and stage-1 to stage-4 Li/Li + graphite intercalation compounds. The Perdew-Burke-Ernzerhof functiona within the generalized gradient approximation can deal with the many-particle Coulomb interactions, the exchange and correlation energies of valence and conduction electrons. 9 The projector-augmented wave pseudo-potentials characterize the electron-ion interactions. 10 It should be noticed that to correctly describe the weak but significant atomic interactions between the neighboring graphitic layers, the van der Waals forceis must be included in the calculations by the semi-empirical DFT-D2 correction of Grimme. 
Rich geometric structures of graphites and graphite intercalation compounds
Apparently, the pristine graphites and Li/Li + graphite intercalation compounds display the rich geometric structures by the VASP calculations on the total ground state energies.
The periodical graphitic layers in the AA stacking are bound together by the weak van der Waals interactions due to the perpendicular 2p z orbitals on two neighboring planes, so it needs to have the delicate numerical evaluations on the geometry-dependent total ground state energies. These intrinsic interactions can create the vertical and non-vertical hopping integrals in the tight-binding model and thus dominate the low-energy electronic properties [Refs] . Of course, the very strong σ bondings also exist on each graphitic layer. They are only slightly changed during the varation from a 2D graphene to a 3D graphite, as confirmed by the C-C bond lengths of them (1.420Å and 1.423Å, respectively). By the detailed calculations in Fig. 2 , a simple hexagonal graphite is identified to present a optimal interlayer distance of independent of the number of stage n. The 2s orbitals of Li atoms are mostly transferred to the neighboring C atoms, while they do not present the 100% transfer. The 3D free electron density is deduced to be inversely proportional to n; that is, f could be utilized to evaluate the conduction electron density. Also, it could be estimated from the area covered by the curve of density-of-state versus energy (discussed later). The 2s orbitals of Li atoms are mostly transferred to the neighboring C atoms, while they do not present the 100% transfer.
To easily compare all the calculate results, the stacking configuration is assumed to be the sequence of AA. However, the very low guest-atom/ion concentration or the pristine case could belong to the AB stacking, as observed in a natural graphite. How to transform from the AA to AB stackings during the decline of guest atoms or ions is an interesting focus of the future studies. The layered graphite could exhibit the 2D networks of local defects on surface; the pyridinic-nitrogen and graphitic-N structures. 40 Apparently, the high-resolution experimental measurements of STM could be utilized to verify the unique surface structures of Li-atom and Li + -ion graphite intercalation compounds, e.g., the C-C bonds affected by the guest-atom or guest-ion intercalation, the optimal adsorption site, and the planar periodical distribution of host atoms and guest atoms/ions.
Transmission electron microscopy is a microscopy technique in which an electron beam, with a uniform current density, is transmitted through an ultra thin specimen to create an image, as a result of the interactions between incident charges and sample. TEM is a very important experimental technique in directly visualizing the crystal structure, locating and identifying the type of defects, and studying structural phase transitions. This measurement has a rather big electrons' atomic scattering factor, being ∼10000 times of that from the X-ray diffraction. properties of pristine (AA and ABC) and Li-&Li + -intercalated graphites, such as, the periodical distance along the z-direction, the distances of layered graphene in the high-n systems the stacking configuration of graphitic layers, and the optimal distribution configuration & position of guest atoms or ions.
It is well known that X-ray diffraction techniques could provide the most powerful tools in exploring the crystal symmetries, especially for the 3D condensed systems. and ∼ 7.025 − 7.065Å. Furthermore, the graphitic layers of them present the AA stacking along the z-direction. However, the stacking ordering of ABAαABAα..., is examined to sur-vive in the stage-3 system (LiC 18 ). 15 The high-resolution X-ray measurements are required to thoroughly examine the stacking configurations of the larger-n Li-graphite intercalation compounds. The similarities and important differences between the stage-n Li-atom and Li + -ion systems in the optimal geometric structures are worthy of the detailed examinations using the X-ray diffraction spectra, especially for the experimental measurements on the latter.
They could reveal the important informations about the available electronic configurations associated with the neutral atoms and full ions in the anode of Li + -based battery.
Unusual band structures of graphite-related systems
A pristine graphite possesses an unusual electronic structure with a large or small overlap of valence and conduction bands, being sensitive to the stacking configuration, e.g., the AA, On the experimental side, ARPES is best for exploring the quasi-particle energies of and 3D Bernal graphite, 79,80 as measured from the energy, form, number, and intensity and form of special structures in DOSs. Concerning graphene nanoribbons, the edge-and widthdependent energy gaps and the square-root divergent peaks of 1D parabolic dispersions are confirmed from the precisely defined crystal structures 22, 26, 27, [69] [70] [71] The prominent asymmetric peaks are also revealed in carbon nanotubes, clearly indicating the chirality-and radius-dominated band gaps and energy spacings between two neighboring subbands. 26, 27 Specially, armchair nanotubes belong to the 1D metallic systems with a finite DOS at the Fermi level.
asymmetry-induced peak structures in bilayer graphene, [72] [73] [74] an electric-field-created band gap in bilayer AB stacking and tri-layer ABC stacking, 31,75 a prominent peak at E F related to the partially flat bands in tri-layer and penta-layer ABC stacking, 26,27 a dip structure at E F accompanied with a pair of asymmetric peaks in tri-layer AAB stacking, 26 and a red shift of Dirac point due to the metallic doping of bismuth adatoms. 33, 34 The measured DOS of the AB-stacked graphite is finite near the Fermi level characteristic of the semi-metallic behavior 80 and displays the splitting π and π * strong peaks at the deeper and higher energy, respectively.
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The high-resolution STS measurements can identify the diverse energy spectra of 3D 
